Quantification of PpIX-fluorescence of cerebral metastases: a pilot study.
5-ALA fluorescence-guided surgery (FGS) is a major advance in neuro-oncological surgery. So far, Protoporphyrin IX (PpIX)-fluorescence has been observed in about half of cerebral metastases resected with routinely equipped microscopes during 5-ALA FGS. The aim of the present pilot study was to quantify PpIX-induced fluorescence of cerebral metastases with a spectrometer. We hypothesize that non-fluorescing metastases under the operating microscope may have spectrometrically measurable levels of fluorescence. A second aim was to analyze correlations between quantified 5-ALA fluorescence and histology or primary tumor type, respectively. Standard FGS was performed in all patients. The fluorescence intensity of the metastasis was semi-quantitatively determined in vivo by a senior surgeon using a special surgical microscope equipped for FGS. A systematic spectrometric ex vivo evaluation of tumor specimens and PpIX-induced fluorescence was performed using a spectrometer connected by optic fibers to a handheld probe. Quantification of 5-ALA-derived fluorescence was measured in a standardized manner with direct contact between mini-spectrometer and metastasis. The difference between the maximum PpIX-fluorescence at 635 nm and the baseline fluorescence was defined as the PpIX fluorescence intensity of the metastasis and given in arbitrary units (AU). Diagnosis of a cerebral metastasis was confirmed by histopathological analysis. A total of 29 patients with cerebral metastases were included. According to neuropathological analysis, 11 patients suffered from non-small cell lung cancer, 10 patients from breast cancer, 6 patients from cancer originating in the gastro-intestinal tract, 1 patient suffered from a malignant melanoma and one patient from renal cancer. The mean age was 63 years (37-81 years). 15 patients were female, 14 patients male. 13 cerebral metastases were considered as ALA-positive by the surgeon. In nine metastases, 5-ALA fluorescence was not visible to the naked eye and could only be detected using the spectrometer. The threshold for an ALA signal rated as "positive" by the surgeon was PpIX fluorescence above 1.1 × 106 AU. The mean PpIX fluorescence of all analyzed cerebral metastases was 1.29 × 106 ± 0.23 × 106 AU. After quantification, we observed a significant difference between the mean 5-ALA-derived fluorescence in NSCLC and breast cancer metastases (Mean Diff: - 1.2 × 106; 95% CI of difference: - 2.2 × 106 to - 0.15 × 106; Šidák-adjusted p = 0.026). In our present pilot series, about half of cerebral metastases showed a 5-ALA fluorescence invisible to the naked eye. Over 50% of these non-fluorescent metastases show a residual 5-ALA fluorescence which can be detected and quantified using a spectrometer. Moreover, the quantified 5-ALA signal significantly differed with respect to the primary tumor of the corresponding cerebral metastasis. Further studies should evaluate the predictive value of the 5-ALA signal and if a quantified 5-ALA signal enables a reliable intraoperative differentiation between residual tumor tissue and edematous brain-in particular in metastases with a residual fluorescence signal invisible to the naked eye.